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Abstract

In their 1995 paper, Dubois et al [1] showed how soil moisture can be estimated for
vegetation-free areas from L-Band HH and VV radar backscatter measurements, acquired at
an incidence angle of around 40 degrees, similar to SMAP. The algorithm also uses HV
backscatter measurements to screen for vegetation-free areas using a simple threshold test.
Implementation of this algonlhm therefore requires three backscatter (intensity)
measurements: HH, VV, and H'

What is Compact Polarimetry?

Conventional Polarimetry (linear basis)
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In this paper, we show how simple of just two can be Y
used in an adaptation of the Dubois et al algorithm to give remarkably consistent soil 6;60

moisture estimates. The method involves the transmission of a circular polarization, and
reception of two linear polarizations: H and V — a form of what is referred to as compact
polarimetry. To efficiently screen for vegelallon -free surfaces, we introduce a novel

known as the which allows the separation of areas for which
surface, volume and double-bounce scattering mechanisms are dominant. This conformity
coefficient is also invariant under Faraday rotation, which makes it quite robust. We also
show how compact i y from ion-free surfaces can then be used to
estimate (and correct for) Faraday rotation, a potentially critical error source. Finally, we show
that soil moisture estimates derived from this approach are very similar (less than 2% relative
difference) to those generated using the original Dubois et al algorithm.

In the context of SMAP, our new approach offers a simplified radar mode of operation (only
two scattering measurements required instead of three or four); efficient separation of areas
where surface, volume or double-bounce scattering is dominant; built-in estimation and
correcllon of Faraday rotation; and the potential for the use of phase information, not just
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Figure 2. llustration of conventional polarimetry, in which H
and/or V linear polarization is used on transmit and both H and V
polarizations are used on receive

The conventional approach to acquiring radar measurements with polarization diversity uses

Compact Polarimetry (pi/2 mode)
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linear polarizations (Fig. 2). The simplest dual-polarized options include (HH, HV) and (VV, VH),

which are acquired by transmitting either H or V/ polarizations, and receiving the return echo on

both H and V channels.

Quad-pol  mode usually involves
alternating between H and V' transmit,

Figure 3. llustration of the pi/2 mode version of Compact
Polarimetry, in which circular polarization is used on transmit and
both H and V polarizations are used on receive
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Figure 6: Comparison of surface scatter separation using the conformity coeficient,
a HV/HH threshold, and the Freeman-Durden decomposition
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D'm are transmitted on separate bandwidths returns this 71/2 mode can be shown to be, in many
50~ <11 dB for bare surfaces. 3) or during different ‘looks’. In pseudo- respects, the optimum dual-polarized configuration
w quad-pol mode the measurements are not [3]. The scattering signatures from such a system, 10
where 6 is the incidence angle, coherent, and the phase difference labeled (RH, RV) for the right-circular transmit case Figure 8: Comparison of 10! 2
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In the above, equations (1) and (2) describe empirically derived relationships between HH information content, as compared with Additional advantages of compact polarimetry are i % *
and VV backscatter measurements and soil dielectric and roughness properties. Equation conventional dual-polarized approaches that it is relatively easy to implement (see Fig. 4), @
(3) is used to screen the backscatter measurements for areas that are vegetation-free. The (e.g. HH, HV). Compact polarimetry also and the product  between the two 0 -
offers the capabilty of ~measuring measurements carries information even over natural 0 Soilmoisture FP 100% Roughness FP—100%

conversion from dielectric constant to volumetric soil moisture is performed using a set of
empirical formulas [2] ing on the textural of the soil.

Faraday Rotation

Including the effects of Faraday rotation, compact polarimetry measurements in the pi/2
mode [3] can be modeled as:

M\ 1 _gfcos@ sinQ(S, )1
My) 20 |msing coso)\s, s, @
w - o Sul\-i
Which expands to:
My =S,,c05Q+ S, (sinQ@-— jcosQ) - S, sinQ )

Cl

=-5,,sinQ+ S, (jsinQ+cosQ) - jS,, cosQ
Forming cross-products:

(MM ) =15, [ cos* @5, [+
(M) =I5l
(MR,,MM'> + <MRVMW‘> =[5, +2s,.[ +I5.[

(5,5..")cos@sing2

3

Cl

*Q+s, [

., cos® @ j21m(s,,S,, " )sinQcos @

Cl

(MM )s(\s‘“f 7\3,,,,\:)cos9sing+js,,,,s,,'coszg- JIS,f + 75,8, sin’Q (10)
Re(My, My, )= (\SH [- ‘S,,,“I)cusﬂsinsl— 1m(s,,5,,")(cos* @-sin*Q)
Im( My, My, ) =Re(S,,8,") -5,
And the FR angle can be estimated from signatures of surface scatterers (Fig. 1):
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scattering from higher incidence angles
and over larger swaths than conventional
quad-pol data acquisition from space.

Figure 4. Block diagram representing a typical system
architecture for the pi/2 mode CP
(figure courtesy R. K. Raney, JHU/APL)

terrain, particularly in the phase.
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- For surfaces, SHV is small, SHH and SVV are correlated and
their phase is close to 0. As a consequence, i is positive and
conforms to 1: 1>p>t1

[6].

indicate  decision  points  for
separation of surface scatter. Similar
 For double-bounce scattering, SHH and SVV are correlated and ~ fesults are obtained when u is

their phase is close to 180°.  is negative and conforms to: compared with the HV/HH ratio used

25p>-1. in Dubois et al. [1]
- For volume scattering, SHH and SVV are weakly correlated and

SHV is large, p has an intermediate value: t1>p>t2.
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Soil Moisture estimation flow

Estimate FR invariant parameter (Egs. 9, 10):
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Apply a simple, threshold-based classifier:
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using Dubois et al [1] algorithm (Figs. 7, 8)
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Conclusions

The simulations presented here lead to the following major conclusion: we can use CP data, even in the
presence of Faraday rotation and apply the Dubois et al algorithm to retrieve soil moisture estimates with a
residual error of only 2%. The process starts with the discrimination of bare surfaces based on the conformity
coefficient, which has the advantage of being FR independent over surfaces where the reflection symmetry
hypothesis [8] is valid (this is the case for most natural surfaces, except in sloping terrain). Furthermore, we
have shown that  can be used as an discriminator of dominant scattering types (surface, double-bounce,
volume). This new coefficient was also validated against the Freeman-Durden decomposition and the simple
threshold test used in Dubois et al's paper to identify surface scattering.

Over bare surfaces, the Faraday rotation can be estimated and then corrected for over the full scene. Once
the data is corrected, the co-pol can be closely

(as 04y is close to 0) over are surfaces. The standard Dubors et algorithm, applied directly to the CP
data provides soil moisture estimates very close to ones computed from the FP data. An RMS error of about
2% is found, indicating that the proposed procedure has very similar performances relative to the original
algorithm. This provides a straightforward, easy to implement approach to soil moisture mapping from space,
particularly for the SMAP mission [9)]. The added value that CP mode measurements provide is in the phase
information, that may be useful in estimating scattering from beneath forest canopies.
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Figure 7: Classification based on the conformity coefficient compared with the
Freeman-Durden decomposition, using simulated CP data derived from FP from the
ONERA RAMSES system [7]
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Figure 5: Algorithm flow
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